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Best	
  prac:ces	
  on	
  managing,	
  analyzing	
  and	
  visualizing	
  RNA-­‐Seq	
  data	
  
	
  A	
  perspec:ve	
  from	
  the	
  CCR	
  Bioinforma:cs	
  Core	
  

	
  
	
  

Parthav	
  Jailwala	
  
CCR	
  Bioinforma:cs	
  Core	
  



What	
  is	
  the	
  CCR	
  Informa:cs	
  core	
  ?	
  

•  Collabora:ve	
  resource	
  providing	
  bioinforma:cs	
  
analysis	
  assistance	
  to	
  CCR	
  inves:gators	
  

•  138	
  requests	
  concluded	
  across	
  91	
  labs	
  
ü 29	
  requests	
  concluded	
  for	
  RNA-­‐Seq	
  data	
  
analysis	
  

	
  
•  Workflow/pipeline	
  development	
  
	
  
•  Educa:on	
  and	
  training	
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Value	
  of	
  working	
  with	
  CCRIFX	
  

•  Understand	
  research	
  ques:on	
  &	
  suggest	
  viable	
  
experimental	
  designs	
  	
  

•  Guide	
  on	
  use	
  of	
  technologies	
  

•  Assist	
  in	
  data	
  tracking	
  and	
  transfer	
  of	
  large	
  datasets	
  

•  Perform	
  analysis	
  and	
  explain	
  results	
  

•  Deliver	
  figures	
  and	
  methods	
  for	
  manuscripts,	
  
presenta:ons,	
  posters	
  

•  Maximize	
  research	
  impact	
  of	
  your	
  invested	
  effort	
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Outline	
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•  Example	
  CCRIFX	
  pipeline	
  for	
  RNA-­‐Seq	
  analysis:	
  
– Pre-­‐alignment	
  QC	
  
– Tuxedo	
  RNA-­‐Seq	
  pipeline	
  
– Post	
  alignment	
  QC	
  

•  Visuals	
  of	
  FastQC	
  plots	
  (good	
  vs	
  bad	
  data)	
  

•  Pointers	
  

•  Computa:onal	
  aspects	
  of	
  RNA-­‐Seq	
  data	
  analysis	
  

- Best	
  prac:ces	
  



RNA-­‐Seq	
  :	
  A	
  5-­‐step	
  process	
  
Design	
  

Experiment	
  

Purify	
  RNA	
  

Prepare	
  
Libraries	
  

Sequence	
  

Analysis	
  

Primary	
  Objec:ve	
  
Replica:on	
  &	
  Sequencing	
  depth	
  
Samples	
  of	
  interest	
  

Isolate	
  RNAs	
  
Target	
  enrichment	
  
RNA	
  fragmenta:on	
  

Generate	
  cDNA,	
  fragment,	
  
size	
  select,	
  add	
  primers,	
  
adapters	
  

Sequence	
  ends	
  

Condi:on	
  1	
  
(normal)	
  

Condi:on	
  2	
  
(tumor)	
  

Image	
  analysis,	
  Base	
  calling,	
  	
  
QC,	
  Mapping,	
  DGE	
  analysis,	
  
visualiza:on	
  and	
  Biological	
  
interpreta:on	
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Features	
  of	
  RNA-­‐Seq	
  data	
  

•  Very	
  large	
  volume	
  of	
  raw	
  and	
  processed	
  
data	
  

•  Variety	
  of	
  file	
  formats	
  with	
  non-­‐
standard	
  naming	
  conven:ons	
  

	
  
•  Analysis	
  requires	
  specialized	
  sodware	
  
tools	
  

2/18/14	
   6	
  



Computa:onal	
  aspects	
  of	
  RNA-­‐Seq	
  analysis	
  

•  Data	
  Management	
  Plan	
  
–  Data	
  retrieval	
  and	
  short-­‐term	
  storage	
  
–  Data	
  backup	
  and	
  archival	
  storage	
  
–  Standardized	
  nomenclature	
  (file	
  and	
  directory	
  naming)	
  
	
  

•  Quality	
  control	
  of	
  sequence	
  reads	
  &	
  alignments	
  
–  Source:	
  Low-­‐quality	
  RNA,	
  library	
  construc:on	
  biases,	
  sequencing	
  chemistry	
  	
  
–  Solu:on:	
  Trimming	
  and/or	
  filtering	
  reads	
  before	
  alignment	
  
	
  

•  Primary	
  data	
  analysis	
  
–  Pre-­‐alignment	
  QC	
  
–  Alignment	
  to	
  the	
  transcriptome	
  
–  Post-­‐alignment	
  QC	
  
–  Quan:fying	
  transcript	
  levels	
  &	
  Differen:al	
  expression	
  detec:on	
  
	
  

•  Data	
  visualiza:on	
  and	
  Biological	
  interpreta:on	
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Why	
  automate	
  an	
  RNA-­‐Seq	
  workflow	
  ?	
  

•  Standardizes	
  and	
  codifies	
  the	
  procedure	
  
	
  
•  Increases	
  consistency	
  and	
  robustness	
  of	
  the	
  
analysis	
  across	
  mul:ple	
  samples	
  or	
  experiments	
  

	
  
•  Facilitates	
  evalua:on	
  of	
  changes	
  and	
  simplifies	
  
debugging	
  of	
  anomalies	
  and	
  ar:facts	
  

	
  
•  Minimizes	
  human	
  error	
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A	
  large	
  RNA-­‐Seq	
  project	
  that	
  makes	
  
use	
  of	
  workflows	
  

•  Transcriptomes	
  in	
  mouse	
  embryos	
  &	
  embryonic	
  stem	
  
cells	
  	
  

	
  
•  39	
  samples:	
  13	
  condi:ons	
  x	
  3	
  biological	
  reps/condi:on	
  
	
  
•  HiSeq2000,	
  101bp	
  PE	
  reads,	
  Avg.	
  161M	
  reads/sample	
  
	
  
•  10	
  differen:al	
  expression	
  comparisons	
  
	
  
•  4	
  TB	
  of	
  raw	
  fastq	
  files,	
  11	
  TB	
  of	
  analysis	
  files	
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Outline	
  

10	
  2/18/14	
  

•  Computa:onal	
  aspects	
  of	
  RNA-­‐Seq	
  data	
  analysis	
  
– Best	
  prac:ces	
  

•  Example	
  CCRIFX	
  pipeline	
  for	
  RNA-­‐Seq	
  analysis:	
  
– Pre-­‐alignment	
  QC	
  
– Tuxedo	
  RNA-­‐Seq	
  pipeline	
  
– Post	
  alignment	
  QC	
  

•  Visuals	
  of	
  FastQC	
  plots	
  (good	
  vs	
  bad	
  data)	
  

•  Pointers	
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RNA-­‐Seq	
  analysis	
  
pipeline:	
  A	
  set	
  of	
  four	
  
semi-­‐automated	
  
workflow	
  
components	
  



Pre-­‐alignment	
  
QC	
  workflow	
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RNA-­‐Seq	
  analysis	
  
pipeline	
  



Tuxedo	
  RNA-­‐Seq	
  	
  
analysis	
  workflow	
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RNA-­‐Seq	
  analysis	
  
pipeline	
  



Post-­‐alignment	
  	
  
RNA-­‐Seq	
  QC	
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RNA-­‐Seq	
  analysis	
  
pipeline	
  



Tuxedo	
  RNA-­‐Seq	
  
analysis	
  workflow	
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•  Computa:onal	
  aspects	
  of	
  RNA-­‐Seq	
  data	
  analysis	
  
– Best	
  prac:ces	
  

•  Example	
  CCRIFX	
  pipeline	
  for	
  RNA-­‐Seq	
  analysis:	
  
– Pre-­‐alignment	
  QC	
  
– Tuxedo	
  RNA-­‐Seq	
  pipeline	
  
– Post	
  alignment	
  QC	
  

•  Visuals	
  of	
  FastQC	
  plots	
  (good	
  vs	
  bad	
  data)	
  

•  Pointers	
  

	
  



Per	
  base	
  sequence	
  quality	
  

Output	
  from	
  Pre-­‐alignment	
  QC	
  workflow	
  

1	
   101	
   1	
   101	
  
Posi:on	
  in	
  101bp	
  read	
  	
   Posi:on	
  in	
  101bp	
  read	
  	
  

High	
  Q	
  

Med	
  Q	
  

Low	
  Q	
  

Ph
re
d	
  
Q
ua

lit
y	
  
Sc
or
e	
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Per	
  sequence	
  quality	
  scores	
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Phred	
  
30	
  N

um
be

r	
  o
f	
  r
ea
ds
	
  

Mean	
  Sequence	
  Quality	
  (Phred	
  Score)	
  

Output	
  from	
  Pre-­‐alignment	
  QC	
  workflow	
  



Per	
  base	
  sequence	
  content	
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1	
   101	
   1	
   101	
  
Posi:on	
  in	
  101bp	
  read	
  	
   Posi:on	
  in	
  101bp	
  read	
  	
  

Output	
  from	
  Pre-­‐alignment	
  QC	
  workflow	
  

%
	
  o
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  Per	
  base	
  N	
  content	
  

2/18/14	
   23	
  
Output	
  from	
  Pre-­‐alignment	
  QC	
  workflow	
  

1	
   101	
   1	
   40	
  
Posi:on	
  in	
  101bp	
  read	
  	
   Posi:on	
  in	
  40bp	
  read	
  	
  

%
	
  o
f	
  b

as
e	
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  a
t	
  e
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si
:o
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Kmer	
  content	
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Re
la
:v

e	
  
en

ric
hm

en
t	
  

Output	
  from	
  Pre-­‐alignment	
  QC	
  workflow	
  

1	
   101	
   1	
   101	
  
Posi:on	
  in	
  101bp	
  read	
  	
   Posi:on	
  in	
  101bp	
  read	
  	
  



FastQC	
  summary:	
  untrimmed	
  Fastq	
  files	
  

PASS	
  

WARN	
  

FAIL	
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FastQC	
  summary:	
  trimmed	
  Fastq	
  files	
  

PASS	
  

WARN	
  

FAIL	
  

2/18/14	
   26	
  



Visualiza:on	
  of	
  BAM	
  files	
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Exons	
  

Post-­‐alignment	
  QC	
  



Post-­‐alignment	
  QC:	
  Picard	
  metrics	
  

Ø Alignment	
  summary	
  metrics	
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  Post-­‐alignment	
  QC:	
  Picard	
  metrics	
  

Ø Insert	
  size	
  metrics	
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Post-­‐alignment	
  QC:	
  Picard	
  metrics	
  
Ø RNASeq	
  metrics	
  

Normalized	
  distance	
  along	
  
transcript	
  	
  

N
or
m
al
iz
ed

	
  
co
ve
ra
ge
	
  

3’	
  Bias	
  in	
  Poly-­‐A	
  
selected	
  library	
  



Visuals	
  of	
  downstream	
  analysis	
  

PCA	
  plots	
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Visuals	
  of	
  downstream	
  analysis	
  

Dendrograms	
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Visuals	
  of	
  downstream	
  analysis	
  

EvsC CvsN

EvsN 0

633

391

2294

24

54

23

307

Venn	
  diagrams	
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Outline	
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•  Computa:onal	
  aspects	
  of	
  RNA-­‐Seq	
  data	
  analysis	
  
– Best	
  prac:ces	
  

•  Example	
  CCRIFX	
  pipeline	
  for	
  RNA-­‐Seq	
  analysis:	
  
– Pre-­‐alignment	
  QC	
  
– Tuxedo	
  RNA-­‐Seq	
  pipeline	
  
– Post	
  alignment	
  QC	
  

•  Visuals	
  of	
  FastQC	
  plots	
  (good	
  vs	
  bad	
  data)	
  

•  Pointers	
  

	
  



Download	
  this	
  PPT	
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hlp://ccrifx.cancer.gov/apps/site/presenta:ons	
  



Further	
  Informa:on	
  on	
  Workflows	
  

ccrifx.cancer.gov/apps/site/workflows_for_bioinforma:cs_analysis	
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Visit	
  our	
  website	
  for	
  more	
  informa:on	
  

ccrifx.cancer.gov/apps/site/analysis_support_process	
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List	
  of	
  RNA-­‐Seq	
  Bioinforma:cs	
  tools	
  
Tool	
  category	
   Tools	
  
QC,	
  filtering,	
  pre-­‐
processing	
  	
  

FastQC,	
  Trimmoma:c,	
  RNA-­‐SeQC,	
  Picard,	
  Cutadapt,	
  FASTX,	
  Flexbar,	
  htSeqTools,	
  
PRINSEQ,	
  qrqc,	
  RSeQC,	
  SAMstat,	
  SEECER,	
  ShortRead	
  

Alignment	
   Unspliced:	
  BFAST,	
  Bow:e,	
  BWA,	
  SOAP,	
  Maq,	
  Mosaik,	
  NovoAlign,	
  SHRiMP,	
  Stampy	
  
Spliced	
  (known):	
  TopHat,	
  Erange,	
  RUM,	
  RNASEQR,	
  SpliceSeq	
  
Spliced	
  (de	
  novo):	
  TopHat,	
  GSNAP,	
  HMMSplicer,	
  MapSplice,	
  QPALMA,	
  SpliceMap	
  

Quan:ta:ve	
  analysis	
  &	
  
differen:al	
  expression	
  

Cufflinks,	
  DESeq,	
  EdgeR,	
  DEGSeq,	
  DEXSeq,	
  DiffSplice,	
  BaySeq,	
  Alexa-­‐Seq,	
  BitSeq,,	
  
ERANGE,	
  	
  eXpress,	
  RSEM,	
  SpliceTrap	
  

Workbench	
  	
  	
  	
  	
  	
  
(integrated	
  pipeline	
  
solu:ons)	
  

Commercial:	
  Partek,	
  Genoma:cs,	
  Avadis	
  NGS,	
  CLC,	
  DNASTAR,	
  GeneSpring	
  GX	
  
Open	
  Source:	
  Galaxy,	
  Taverna,	
  GenePa]ern,	
  ArrayExpressHTS,	
  easyRNASeq,	
  MeV	
  

Alterna:ve	
  splicing	
  
analysis	
   MISO,	
  Cufflinks/Cuffdiff,	
  DEXseq,	
  SAJR	
  

Fusion	
  genes/chimeras/
transloca:on	
  finders/
structural	
  varia:ons	
  

BreakDancer,	
  ChimeraScan,	
  FusionMap,	
  FusionSeq,	
  SOAPFuse,	
  SOAPfusion,	
  Tophat-­‐
Fusion,	
  DeFuse	
  

Visualiza:on	
  tools	
   CummeRbund,	
  IGV,	
  IGB,	
  MapView,	
  Tablet,	
  Savant,	
  SeqMonk,	
  Gbrowse,	
  EagleView	
  

Transcriptome	
  assembly	
   Genome-­‐guided:	
  Cufflinks,	
  iReckon,	
  IsoInfer,	
  RNAeXpress,	
  Scripture	
  
Genome-­‐independent:	
  Oases,	
  Rannotator,	
  SOAPdenovo,	
  Trans-­‐ABySS,	
  Trinity,	
  Velvet	
  

hEp://en.wikipedia.org/wiki/List_of_RNA-­‐Seq_bioinformaOcs_tools	
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To	
  learn	
  more,	
  visit…	
  
•  Technology,	
  issues	
  &	
  challenges	
  

	
  

Ø  Canadian	
  Bioinformaccs	
  Workshops:	
  
h]p://bioinformaccs.ca//files/public/BiCG_2012_Module7.pdf	
  

Ø  GenomeWeb:	
  h]p://www.genomeweb.com/node/926779	
  

Ø  RNA-­‐Seq	
  for	
  everyone:	
  h]p://rnaseq.uoregon.edu/analysis.html	
  

•  Integrated	
  analysis	
  guides	
  and	
  tutorials	
  
	
  

Ø  Wikibooks:	
  h]p://en.wikibooks.org/wiki/Next_Generacon_Sequencing_%28NGS%29/RNA	
  
Ø  Utrecht	
  University	
  hands-­‐on	
  tutorial:	
  

h]p://testweb.science.uu.nl/pmi/publicacons/PDF/2013/TiPS-­‐VanVerk-­‐Hickman-­‐2013-­‐Hands_on_Tutorial.pdf	
  

Ø  GenomeQuest:	
  h]p://wiki.genomequest.com/index.php/RNA_Seq	
  
	
  

•  Blogs	
  
	
  

Ø  SEQanswers,	
  BioStars,	
  RNA-­‐SeqBlog	
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Get in touch with us! 
	
  
Submit	
  a	
  request:	
   	
  h]p://ccrifx.cancer.gov	
  
	
  
E-­‐mail	
  us:	
  	
   	
   	
   	
  ccrifx_support@mail.nih.gov	
  	
  
	
  
Visit	
  us: 	
   	
   	
   	
  Bethesda:	
  Mon-­‐Wed	
  &	
  Friday	
  

	
   	
   	
   	
   	
  	
   	
   	
  Building	
  37,	
  room	
  1123	
  
	
   	
   	
   	
   	
   	
   	
  Building	
  41,	
  room	
  B620	
  
	
   	
   	
   	
   	
   	
  Frederick:	
  Thursday	
  &	
  Friday	
  
	
   	
   	
   	
   	
   	
   	
  Building	
  430,	
  First	
  floor	
  

	
  
Office	
  hours:	
  	
   	
   	
  Fridays	
  9:30am	
  -­‐11:30am	
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Thank	
  You	
  !	
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Extra	
  slides	
  

2/18/14	
   43	
  



RNA-­‐Seq:	
  Advantages	
  over	
  microarrays	
  

•  Higher	
  resolucon,	
  more	
  sensicvity	
  
•  High	
  signal-­‐to-­‐noise	
  raco	
  
•  Potencally	
  unlimited	
  dynamic	
  range	
  of	
  expression	
  with	
  
absolute	
  rather	
  than	
  relacve	
  values.	
  

•  Requires	
  less	
  RNA	
  sample	
  &	
  results	
  highly	
  reproducible	
  
for	
  both	
  technical	
  &	
  biological	
  replicates	
  

•  No	
  a-­‐priori	
  knowledge	
  of	
  genome	
  content	
  required	
  
•  Invescgacon	
  of	
  both	
  known	
  and	
  novel	
  transcripts	
  
•  Alternacve	
  splicing	
  pa]erns,	
  RNA	
  edicng	
  events	
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Applica:ons	
  of	
  RNA-­‐Seq	
  plaqorm	
  

•  Relacve	
  expression	
  analyses	
  
•  Characterizacon	
  of	
  alternacve	
  splicing	
  pa]erns	
  
•  Discovery	
  of	
  novel	
  transcripts	
  and	
  isoforms	
  
•  Small	
  RNA	
  profiling	
  
•  Allele-­‐specific	
  &	
  strand-­‐specific	
  expression	
  
•  Exploracon	
  of	
  non-­‐model-­‐organism	
  transcriptomes	
  
•  Mapping	
  transcripcon	
  start	
  sites	
  
•  Gene	
  fusion	
  deteccon	
  
•  Profiling	
  low-­‐quancty	
  RNA	
  samples	
  
•  RNA	
  edicng	
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